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1015-9584/Copyright ª 2015, Asian SuSummary Background: Anastomotic leakage is a common complication after operative
reconstruction with colon interposition in corrosive esophageal injury patients. Because the
underlying causes are ischemic in nature, vascular enhancement would resolve this complica-
tion.
Objective: To compare the incidence of anastomotic leakage between patients with and
without vascular enhancement of esophageal reconstructions with colon interposition.
Materials and methods: This is a retrospective comparative study between patients with and
without vascular enhancement during corrosive esophageal reconstructions with colon interpo-
sition in Thammasat University Hospital from January 2004 to December 2012.
Results: Twenty-five adult patients who received esophageal reconstructions with colon inter-
position for corrosive esophageal injury were included in this study. Eleven of these patients
also received vascular enhancement (classified as the “with vascular enhancement” group)
during the reconstruction, whereas the remaining 14 patients did not (classified as the
“without vascular enhancement” group). There was no significant difference in baseline char-
acteristics of the patients between the two groups (i.e., sex, age, and preoperative hematocrit
and serum albumin levels). There was also no significant difference in the leakage rate be-
tween the two groups: 35.7% (5/14) and 9% (1/11) in the without and with vascular enhance-
ment groups, respectively (p Z 0.180). However, in the “with vascular enhancement” group,
the operative time was significantly longer (7.8 hours vs. 6.4 hours; an additional 1.4 hours),ave no potential conflicts of interest relevant to this article.
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146 S. Awsakulsutthi, C. Havanondwhereas length of hospital stay was shorter (18.3 days vs. 28.1 days; reduced by 9.8 days)
compared with the other group.
Conclusions: Patients who received vascular enhancement along with colon interposition had a
lower incidence of anastomotic leakage; however, there was no significant difference between
the two groups in this study. Thus, further studies with a large sample size should be conducted
in this regard.
Copyright ª 2015, Asian Surgical Association. Published by Elsevier Taiwan LLC. All rights
reserved.1. Introduction
Severe corrosive esophageal injury can cause loss of
esophagus, which subsequently affects gastric functions,
causing inability to swallow normally. Other associated
problems are malnutrition and psychological disturbance to
patients. Esophageal reconstructive surgery will solve these
problems, and thus, improves the patients’ quality of life.
However, performing esophageal reconstructions in
cases with total loss of the esophagus and stomach
following corrosive ingestion is a challenging problem. For
this purpose, either the small or large bowel can be used. In
a previous study, even interposition of the pedicle colon
was used1; however, in almost all these patients, anasto-
motic leakage was a common postoperative complication.
The incidence of pharyngeal anastomotic leakage was re-
ported to be 5.6e14.2%,2 whereas in cases of corrosive
ingestion, the rate is in the range of 23.9e26.48%.1,3
Ischemic causes were believed to contribute signifi-
cantly to this complication.4 With the advent of vascular
anastomosis, vascular augmentation was adopted as a
method to prevent ischemia-related problems. The objec-
tive of this study was motivated by the different results
reported by previous studies on the effects of vascular
enhancement.
Therefore, the purpose of this study is to compare the
incidence of anastomotic leakage between patients with
and without vascular enhancement of esophageal re-
constructions with colon interposition in Thammasat Uni-
versity Hospital (Pathum Thani, Thailand).2. Materials and methods
The study was approved by the Ethics Committee of
Thammasat University Hospital and Faculty of Medicine,
Thammasat University (MTU-EC-SU-0-098/56).
From January 2004 to December 2012, adult patients
who were diagnosed with corrosive ingestion and had un-
dergone esophageal reconstructive surgery with colon
interposition in Thammasat University Hospital were
reviewed.
All patients underwent esophagogastrectomy because of
suicidal attempt and corrosive ingestion. The interval be-
tween esophagogastrectomy and esophageal reconstructive
surgery was 6 months.5 All patients received nutrition
support with jejunostomy feeding after esophagogas-
trectomy, which was continued even after the esophageal
reconstructions until they could swallow normally. Thepatients were asked to stop smoking cigarettes after the
esophagogastrectomy.
In the “without vascular enhancement” group, surgical
procedures were carried out by general surgeons; however,
in the “with vascular enhancement” group, the procedures
were carried out by general surgeons and a plastic surgeon
who performed vascular anastomosis. The sufficiency of the
vascular enhancement was evaluated by the general sur-
geons. If poor distal blood flow was suspected (i.e., dis-
colored distal bowel, slow or dark-colored arterial
bleeding, mucosal swelling, overproduction of mucous), the
blood flow was increased.
Baseline characteristics and the operative data of the
patients (i.e., age, sex, history of smoking, preoperative
hematocrit and serum albumin levels, part of colon used for
reconstruction, and operative time) were collected and
compared between the two groups.
The primary outcome of interest was pharyngeal anas-
tomotic leakage, which was diagnosed by a barium swal-
lowing study at the 14th postoperative day. The secondary
outcome was hospital stay.
2.1. Statistical analysis
The baseline characteristics of the patients were analyzed
using mean and standard deviation or range according to
the distribution of the data. A comparison of the baseline
characteristics, operative data, and outcome (i.e., leakage
rate and hospital stay) was carried out.
The Chi-square test was used for categorical data; how-
ever, if the expected value was <5% or >20%, then Fisher’s
exact test was used instead. The t test and the Krus-
kaleWallis test were used for continuous data with normal
and non-normal distributions, respectively. Variables that
were significantly different between the two groups were
adjusted while analyzing outcomes in multivariate analysis
models. A p value <0.005 was considered to be statistically
significant. STATA version 11 (Data Analysis and Statistical
Software, STATA Corp LP, Texas, USA) was used for analysis.
3. Results
Twenty-five corrosive injury patients who received corro-
sive esophageal reconstructions with colon interposition
were included in the study. Eleven of these patients also
received vascular enhancement during the reconstruction,
whereas the remaining 14 patients did not.
A comparison of the baseline characteristics of patients
(i.e., age, sex, history of smoking, and preoperative serum
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showed no significant difference (Table 1).
The left side of the colon was commonly used for
reconstruction in both groups: 13 patients (92.9%) in the
group without vascular enhancement and nine patients
(81.8%) in the group with vascular enhancement. Surgical
reconstruction procedures in both groups were carried out
via the substernal route. Proximal anastomosis was done at
the cervical pharynx, and distal anastomosis was performed
at the jejunum. The operative time was significantly longer
(7.8 hours vs. 6.4 hours; an additional 1.4 hours) in the
group that received vascular enhancement (p Z 0.002;
Table 1).
In the group that did not receive vascular enhancement,
five of the 14 patients (35.7%) experienced pharyngeal
anastomotic leakage: two patients had minor leakage that
healed completely within 7 days with conservative treat-
ment and three patients had major leakage that required
neck incision for opening and drainage. These three pa-
tients were then treated conservatively, following after
which their leakage healed completely. In the group with
vascular enhancement, only one patient had minor
pharyngeal anastomotic leakage (9.0%) that healedTable 1 Comparison of esophageal reconstructions with
and without vascular enhancement.
Result Without
vascular
enhancement
(n Z 14)
With vascular
enhancement
(n Z 11)
p
Age, mean (SD) 29.9 (10.01) 23.7 (3.82) 0.131
Sex, n (%)
Male 13 (92.9) 9 (90.9) 1.000
Female 1 (7.1) 1 (9.1) d
History of
smoking, n (%)
1 (7.1) 1 (9.1) 1.000
Hct (%) 37.9 (3.97) 37.2 (3.12) 0.642
Serum albumin (g/dL) 3.29 (0.31) 3.26(0.13) 0.622
Colon conduit, n (%)
Left 13 (92.9) 9 (81.8) 0.565
Right 1 (7.1) 2 (18.2) d
Operative time (h),
mean (SD)
6.4 (0.96) 7.8 (1.05) 0.002
Anastomotic
leakage (%)
35.7 9.0 0.180
Hospital stay,
mean (d)
28.1 (13.6) 18.3 (1.42) 0.039
No leakage,
mean (d)
23.3 (9.86) 18.0 (1.54) 0.284
Leakage, mean (d) 36.6 (16.37) 21.0 (e) 0.379
Dysphagia scorea,
n (%)
0 13 (92.9) 9 (90.9) 1.000
1 1 (7.1) 1 (9.1) d
>2 d d d
Hct Z hematocrit; SD Z standard deviation.
a Based on the dysphagia scoring system by Mellow and Pinkas
(Knyrim et al. 1993).6 Evaluation at 3 months after the
operation.completely within 7 days with conservative treatment. The
leakage rate between the two groups was not significantly
different (p Z 0.180; Table 1). There was no intra-
abdominal anastomotic leakage in both groups.
The average length of hospital stay was 28.1 days for
patients in the “without vascular enhancement” group and
18.3 days for those in the “with vascular enhancement”
group. Five patients treated without vascular enhancement
experienced anastomotic leakage, and the average length
of their hospital stay was 36.6 (range, 20e61) days. One
patient with pneumonia had the longest hospital stay (61
days). One patient treated with vascular enhancement still
experienced anastomotic leakage, and had a hospital stay
of 21 days.
Nine patients, without vascular enhancement and no
anastomotic leakage, had an average hospital stay of 23.3
(range, 14e42) days. The other nine patients, with vascular
enhancement and no anastomotic leakage, had an average
hospital stay of 18 (range, 16e20) days.
At the 3-month follow up, there was no clinical
pharyngeal anastomotic stricture. The dysphagia score be-
tween the two groups was not significantly different
(Table 1).6 Long-term follow up was not conducted in this
study.4. Discussion
If the stomach is not available, the colonic flap or conduit is
more appropriate for esophageal reconstruction because of
the following reasons: straight shape, end-to-end
anastomosis is possible to both at the pharynx (as
proximal anastomosis) and jejunum (as distal
anastomosis). Despite careful selection of patients for
surgery and meticulous operative techniques, the
incidence of pharyngeal anastomotic leakage is as high as
5.6e14.2%1 and in cases of corrosive ingestion the rate is in
the range of 23.9e26.48%.2,3 In this study, the incidence of
pharyngeal anastomotic leakage was 35.7%.
Many believe that these complications are caused by
ischemia. Some of the factors identified as being associated
with the risk of ischemia are length of conduit, intra-
abdominal fibrosis, route of passage of the conduit, and
tension to the mesocolon.
It is difficult to perform esophageal reconstruction in
patients with suicide corrosive ingestion, severe infection,
and intra-abdominal fibrosis. In addition to the longer
reconstruction time, fibrotic mesocolon and the surround-
ing area often remain following the procedure, causing
tension to the mobilized pedicle colon, which eventually
causes venous insufficiency.
Ischemic complications occur either from arterial
insufficiency or are secondary to venous insufficiency.7 To
prevent ischemic complications, enhancement of both
arterial and venous vascularization should be considered.8,9
Carefully planning these procedures improves operation
time. The surgeon should select the long distal pedicle and
anatomizes to the local vessels at same neck incision of
pharyngeal anastomosis.
Vascular anastomosis can be performed under either
microscopic or loupe magnifications. In clinical practice,
these vascular skills can be performed by either the general
Figure 1 Preparing mesocolon pedicle for vascular
enhancement (left arrow, colic artery; right arrow, colic vein).
Figure 2 Vascular anastomosis. Donor vessels: (1) transverse
cervical artery; (2) external jugular vein. Recipient vessels: (3)
colic artery; (4) colic vein.
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outcome, the distal vascular pedicle should be dissected
meticulously and be as long as possible (Fig. 1). Proper
donor vessels should be chosen carefully.
The possible options for donor artery are the transverse
cervical artery, superior thyroid artery, and facial artery
(Table 2). This was because, in most cases, the pulled-up
colons had lots of surrounding adipose tissue. The trans-
verse cervical artery was preferred in this study because it
is easy to harvest and is longer in length. The artery also has
a reliable fixed anatomic position. It lies on the preverte-
bral fascia (fascial carpet), and is easily found on the sca-
lenus medius muscle before it enters the trapezius muscle.
Its diameter is equal in proportion to the colonic artery.
Because of its adequate length, anastomosis can clearly be
performed without disturbing the colonic adipose tissue.
For the donor vein, we chose to use the external jugular
vein. This vein is located in the subcutaneous layer and is
easy to harvest. In some cases the external jugular vein was
damaged from the previous operation, and for these pa-
tients, the internal jugular vein was used for end-to-side
anastomosis. Because the bowel veins were rather thin,
upon completing anastomosis, their functionality and
structural integrity, especially their double-walled struc-
ture, were completely verified.
Vascular anastomosis should be done before pharyngeal
anastomosis. Signs of good enhanced vascularization are
brightening of dark-colored arterial bleeding, shrinking ofTable 2 Details of vascular enhancement.
No. Sex Age (y) Used colon Donor artery
1 Male 33 LC TCA
2 Male 24 RC TCA
3 Female 24 LC TCA
4 Male 20 LC STA
5 Male 22 RC TCA
6 Male 18 LC TCA
7 Male 22 LC TCA
8 Male 25 LC TCA
9 Male 24 LC TCA
10 Male 26 LC TCA
11 Male 23 LC STA
EJV Z external jugular vein; LC Z left colon; RC Z right colon; STAmucosal swelling, and reduced production of mucous
(Fig. 2).
The results of this study show that enhanced vasculari-
zation requires more operative time but produces less
complications compared with previous reports.10 The inci-
dence of anastomotic leakage was also lower in patients
receiving enhanced vascularization. However, its significant
difference could not be proven, as this study included only
a limited number of patients.
Alternative options for esophageal reconstructions
include using gastric pull-up and extended colon interpo-
sition. If poor blood flow is suspected, augmentation of
microvascular blood flow by applying one of these tech-
niques can reduce the risk of leakage and partial
necrosis.11e135. Conclusion
Vascular enhancement of corrosive esophageal re-
constructions with colon interposition in adult patients
lowered the incidence of anastomotic leakage, although
no significant difference was found in this study.Donor vein Operative time (h) Complication
EJV 8.0 No
EJV 8.5 No
EJV 9.5 No
EJV 7.5 No
EJV 9.0 Leakage
EJV 6.6 No
EJV 7.0 No
EJV 8.5 No
EJV 6.5 No
EJV 6.5 No
EJV 8.0 No
Z superior thyroidal artery; TCA Z transverse cervical artery.
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